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•
H
ealthy G
roup: 28 subjects tested, 25 included in data set. 
•
A
C
L G
roup: O
ngoing  R
esearch Project in the M
SL
Inclusion C
riteria
•
12-35 years old
     physically active
     (Tegner ≥ 4)
Exclusion C
riteria
•
H
istory of prior low
er extrem
ity surgeries or low
er 
extrem
ity injury in last 6 m
o that lim
its daily activities
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T
H
ypothesis: 
The quality of hop landing w
ill serve as a m
ore discerning 
m
etric of athlete recovery than the distance hopped w
hen 
com
pared to their non-surgical lim
b or healthy norm
s.
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STR
U
M
EN
TA
TIO
N
3-D
im
ensional M
otion A
nalysis
●
8-cam
era V
IC
O
N
 system
 (sam
pled=200 H
z, filtered=12 H
z)
●
2 force plates (sam
pled=1200 H
z, filtered =50 H
z)
●
K
in C
om
 isokinetic dynam
om
eter for strength tests
PR
O
C
ED
U
R
ES
Single-session laboratory study
●
W
arm
up
●
Strength Test
○
M
axim
um
 Q
uadriceps (90°flexion)
○
 and H
am
string (60°flexion) 
●
Single Leg H
op for D
istance
○
2-3 practice trials: 2 recorded trials
○
D
istance recorded bilaterally
D
A
TA
 A
N
A
LY
SIS
●
Forces and joint torques norm
alized to
 body w
eight
●
Tim
e norm
alized from
 initial contact to
 peak knee flexion
●
M
ultiple regression of LSI on hip and knee
 joint angle and m
om
ent
○
H
ip and knee kinetics/kinem
atics  
●
C
om
pare m
eans w
ith independent and paired t-tests
●
Pearson correlation of biom
echanical m
easures w
ith LSI
●
A
lpha level = 0.05
●
A
thletes that have undergone A
C
L reconstruction have long term
 strength and kinem
atic deficits
●
SLH
D
 should test knee perform
ance, how
ever the m
ajority of torque is loaded on the hip during landing
●
The failure of the SLH
D
 to predict secondary A
C
L injuries m
ay be because it doesn’t isolate knee function 
or stability
●
W
hile strength and hop distances exceed 90%
 LSI clinical thresholds for return to sport, knee joint kinetics 
still exhibit m
arked deficits in recovery long after surgery
 P
urpose
Introduction
M
ethods 
D
iscussion
R
esults
Subjects
R
eferences
●
R
oughly 100,000 A
C
L reconstructions (A
C
LR
s) are 
perform
ed annually in the U
nited States. 1 
●
Single leg hop for distance (SLH
D
) is the m
ost com
m
on 
functional perform
ance test after an A
C
LR
 2 
○
M
easures horizontal distance hopped
○
Leg Sym
m
etry Index 
■
LSI = H
op D
istance
Involved  / H
op D
istance
U
ninvolved
●
U
ninvolved lim
b is com
m
only used as the “healthy” control 
despite bilateral m
uscle strength deficits have been reported 
after A
C
L injury 3 
●
R
ecent studies have indicated that com
m
on clinical 
thresholds don’t predict a secondary A
C
L injury
 3
:
•
R
yan M
izner, PT, PhD
•
U
niversity of M
ontana, School of Physical Therapy
C
om
pare the biom
echanics of those w
ho have undergone A
C
L 
reconstruction w
ith an uninjured  group to discern differences in 
kinetics and kinem
atics.
 ●
N
o significant difference betw
een the groups for joint
     angles in the hip, knee, or ankle during landing (p>.05)
●
N
o changes in vertical ground reaction forces (LSI for
    U
ninjured=100%
±19%
, A
C
L=98%
±15%
, p=0.47)
STR
EN
G
TH
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O
M
PA
R
ISO
N
 The uninjured group had m
ore sym
m
etrical strength in
 m
ajor leg m
uscle groups. Q
uadriceps strength w
as 
correlated w
ith farther hop distance  (p<.05)
 H
O
P D
ISTA
N
C
E
●
90%
 LSI clinical threshold m
et by both groups 3 
●
The A
C
L group jum
ped a shorter distance 
com
pared to their non surgical leg and height, unlike the  
norm
ative group. 
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N
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G
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Strength D
ata
Strength 
Index
U
ninjured 
G
roup
A
C
L 
G
roup
P-value
H
am
strings
100%
±11%
87%
±14%
<0.001
Q
uadriceps
101%
±12%
86±15%
<0.001
H
op D
ata 
D
istance
U
ninjured 
G
roup
A
C
L 
G
roup
P value
Involved/U
nin-
volved
101%
±6%
91.9%
±8%
<0.001
Involved %
 
height 
90.8%
±15%
82.6±14%
.031
Torques 
Peak Joint Torque (N
m
/kg 
of B
W
) of involved lim
b 
U
njuried 
G
roup
A
C
L G
roup
P V
alue
A
nkle Plantar Flex
1.23±.32
1.2±.34
.854
K
nee Extension 
2.94±.47
2.12±.50
<0.001
H
ip Extension
3.87±1.22
3.57±.89
.269
Torques of all 60 D
ata Sets 
Peak Joint of Involved lim
b Torque (N
m
/kg of B
W
)
V
alue
P V
alue diff betw
een joints
A
nkle Plantar Flex
1.21±.33
<0.001
K
nee Extension 
2.5±.46
<0.001
H
ip Extension
3.7±1.0
<0.001
W
H
Y
 LA
N
D
IN
G
 PH
A
SE
●
D
eficits in biom
echanical 
perform
ance are greater 
during eccentric contractions
●
M
ost injuries occur during 
force absorption tasks
●
K
nee torque dem
ands are 
generally m
uch greater 
during landing. 
○
Thus, w
e surm
ise landing 
perform
ance is the m
ain 
lim
iting phase of distance
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H
O
P LA
N
D
IN
G
 JO
IN
T TO
R
Q
U
ES
A
nkle and hip bending torques w
ere not 
significantly different betw
een groups w
hereas 
knee flexion torque w
as  nearly 30%
 less in the 
surgical lim
b com
pared to uninvolved &
 
uninjured group’s legs
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